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1. Studies  were continued t o  perfect  a standard model system f o r  eva lua t ing  
t h e  recovery of v i ab le  microorganisms from the  i n t e r i o r  of p l a s t i c  
(methymethacrylate-lucite). A considerable  die-away during the  process 
of  polymerization occurred which agreed with e a r l i e r  observat ions.  
reduct ion i n  the  v i a b l e  spore population (Baci l lus  s u b t i l i s  var .  n ige r )  
w a s  approximately one log  i n  a l l  cases. Af t e r  polymerization, t he  r a t e  
of die-away w a s  lower and appeared t o  be governed by both time and temp- 
e r a t u r e  of s torage ,  
T h i s  
Experiments were performed t o  determine the  number of spores  destroyed 
by the  gr inding technique (blender-mill)  and t h e  number which remained 
embedded i n  the  p l a s t i c  a f t e r  grinding. Discs of l u c i t e ,  seeded with 
spores  and weighing approximately 0.5 g, were su r face - s t e r i l i zed .  The 
a c t u a l  number of v i ab le  spores per  gram of p l a s t i c  was determined by d i s -  
so lv ing  the  sample i n  acetone and assaying the  suspension by means of 
a so lven t - r e s i s t an t  membrane f i l t e r  incubated on t r y p t i c a s e  soy agar  (TSA). 
Some samples were ground for 1 o r  5 minutes i n  the  blender-mill  and the  
resul tant  suspension assayed by pour p l a t e s  and s tandard membrane 
f i l t e r s .  
Other samples were ground f o r  1 or  5 minutes and the  suspension passed 
through s tandard membrane f i l t e r s  which subsequently were d isso lved  i n  
acetone. This  suspension, which included the  spares  f reed  from the  
p l a s t i c  particles by d isso lu t ion ,  w a s  assayed with a so lven t - r e s i s t an t  
membrane f i l t e r .  The general  procedure is out l ined  i n  Figure 1. 
The blender-mill  method recovered approximately 2 logs  fewer v i ab le  
spores  than the  cont ro l  method (d isso lu t ion) .  Both methods showed t h a t  
a die-away occurred during s torage a t  25 C (Figure 2).  
i z a t i o n ,  no f u r t h e r  die-away was observed when the  p l a s t i c  w a s  s to red  
a t  -4 C (Figure 3). 
p l a s t i c  d i s c s  kept a t  - 4 C for 216 hours and assayed by the  d i s s o l u t i o n  
method. Grinding f o r  1 minute d id  not appear t o  be s u f f i c i e n t  f o r  
r e l e a s e  of a l l  v i ab le  spores because a one-log increase  occurred follow- 
i n g  d i s s o l u t i o n  of t he  ground p a r t i c l e s  (Figure 4). Grinding f o r  5 min- 
u t e s ,  however, appeared t o  re lease  a l l  v i a b l e  spores present  i n  the  
p l a s t i c  because no increase  was observed a f t e r  d i s s o l u t i o n  (Figure 5 ) .  
When the  temperature was  var ied,  no s i g n i f i c a n t  die-away was noted i f  
d i s c s  were s tored  a t  -4 C,  but  a s l i g h t  die-away d id  occur a t  room 
temperature (Figures 4 and 5 ) .  Fewer v i a b l e  spores  were recovered from 
dissolved 5-min. than from 1-min.grindings. The longer gr inding per iod 
probably re leased  more spores but some may have been destroyed by the  
combination of gr inding and production of i n t e r n a l  heat.  
Af t e r  polymer- 
No s ign i f i can t  l o s s  of v i a b l e  spores w a s  noted i n  
2. Studies  concerning the  enumeration of microbial  contaminants on sur faces  
were continued. 
e r a t u r e  on the  recovery of B. s u b t i l i s  var.  n ige r  spores  from sur faces  by 
u l t r a s o n i c a t i o n .  
Tests were performed to  determine the e f f e c t  of temp- 
6 2. 
Three experiments, two with s t a i n l e s s  steel s t r i p s  and one with smooth 
g l a s s ,  comparing co ld  (4 C) with room-temperature (25 C) peptone water, 
revea led  t h a t  i n  a l l  cases the  percent recovery of spores i n  co ld  peptone 
water was s i g n i f i c a n t l y  higher  than i n  warm peptone water. The average 
number of spores  recovered a lso was g r e a t e r  i n  two of t h ree  cases. 
o t h e r  s tud ie s  the  temperature of both t h e  peptone water and the  bath solu-  
t i o n  were var ied.  These experiments were conducted on both s t a i n l e s s  s t e e l  
and smooth g lass .  Resul ts  agreed with the  prel iminary findings.  With pep- 
tone water a t  4 C and the  tank so lu t ion  a t  25 C, both the average number of 
spores  recovered and the  average percent recovery were higher  than with any 
o t h e r  combination of f a c t o r s  t e s t ed .  In m o s t  cases  t h e  d i f f e rences  were con- 
s ide red  s i g n i f i c a n t  (Table 1). 
I n  
When mechanical a g i t a t i o n  was used as the  recovery method, no s i g n i f i c a n t  
d i f f e r e n c e s  in recovery were observed when warm o r  co ld  peptone water was 
used as recovery medium. 
Although the quest ion of why mere microorganisms were recovered when peptone 
water a t  4 C r a t h e r  than 25 C was used cannot be explained a t  t h i s  time, 
the re  is  a p r a c t i c a l  app l i ca t ion  for t h i s  phenomenon. I n  assess ing  t h e  
l e v e l s  of microbial  contamination on space hardware o r  on s t a i n l e s s  steel 
s t r i p s  exposed t o  spacecraf t  assembly and test areas, assays are made for  
b a c t e r i a l  spores. 
a t  a temperature high enough to k i l l  a l l  of  t he  vege ta t ive  microorganisms but  
l o w  enough t o  allow t h e  spores  t o  survive. 
samples is being assayed, they may of necess i ty  remain a t  room temperature 
f o r  30 to  40 minutes before  being heat-shocked, 
a b l e  t h a t  some of the  spores  begin t o  germinate and lo se  t h e i r  heat  resistance. 
Since t h i s  could r e s u l t  i n  a reduction of colony-forming un i t s ,  the  accuracy 
of  the  assay system might be affected.  
re ta rded  s i g n i f i c a n t l y  by co ld  temperatures. 
obtained using co ld  r a t h e r  than roam-temperature peptone water, the  use of 
co ld  peptone water would not  only improve the  overall e f f i c i e n c y  of t he  assay 
system, but  also increase t h e  s e n s i t i v i t y  f o r  d e t e c t i n g  and enumerating 
b a c t e r i a l  spares.  
This  is done by hea t ing  t h e  r i n s e  water from the  sample 
However, when a l a rge  number of 
During t h i s  t i m e  it is prob- 
The germination of spores can be 
Since higher  recover ies  are 
3. Several experiments were performed to  eva lua te  the  e f f i c i ency  and p r e c i s i o n  
of the  swab-rinse technique which i s  p re sen t ly  being used t o  ustaess l e v e l s  
of sur face  contaminants on lunar  Spacecraft .  Two sets of s t a i n l e s s  steel 
s t r i p s  which had been exposed t o  na tura l  a i rborne  contamination f o r  3 and 
4 weeks, respec t ive ly ,  were used. Half of each set w a s  assayed i n  the  usual 
manner by means of u l t r a son ica t ion  to  determine the  mean number of micro- 
organisms p e r  s t r i p .  The remaining s t r i p s  were swabbed and the  number of 
microorganisms removed from the  s t r i f i  as w e l l  as the  number recovered from 
the swab using ul t rasonicat ion,  were determined. Four similar experiments 
were performed using s t r i p s  a r t i f i c i a l l y  contaminated w i t h  an aerosol  of - B. s u b t l l i s  var.  n ige r  spores.  For these tests both co t ton  and calcium a lg in -  
a te  swabs were evaluated. 
water w a s  used f o r  d i s so lv ing  the a lg ina t e  swabs. The r e s u l t s  showed that the 
removal of microorganisms from stainless steel su r faces  by swabs was a more 
cons i s t en t  f a c t o r  than the  recovery from the  swab (Tables 2, 3, and 4 ). 
A so lu t ton  of sodium hexametaphosphate i n  peptone 
3.  
Tests involving f i v e  ind iv idua l s  using a standard swab-rinse technique 
ind ica ted  t h a t  t he re  w a s  a small but s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r -  
ence between the  percentage of spores removed from s t a i n l e s s  steel s u r -  
f aces  by c e r t a i n  ind iv idua ls .  However, no cons i s t en t  o r  s i g n i f i c a n t  
d i f f e rence  between ind iv idua l s  was ev ident  based on percent  recovery 
(Table 5 ) .  The use of ca lc ium a lg ina te  swabs d id  not  improve removal o r  
recovery. I n  addi t ion ,  it appeared t h a t  a g i t a t i o n  with a vortex-mixer 
p r i o r  to  u l t r a son ica t ion  increased recovery of  spores  from co t ton  swabs .  
(Table 3). 
4. Studies  on t h e  recovery of suble tha l ly- in jured  microorganisms were cont in-  
ued. 
counts  of spores exposed t o  ethylene oxide (ETO) occurred when c u l t u r e  
p l a t e s  were incubated f o r  50 ra the r  than the  usual 2 days. To inves t iga t e  
t h i s  fu r the r ,  tubes and s t a i n l e s s  s t e e l  s t r i p s  were inoculated with a 
suspension of & s u b t i l i s  var. niger  spores .  A f t e r  drying under vacuum, 
the  samples were exposed t o  600 mg/L of ET0 f o r  1 and 2 hours. Trypt i -  
case soy bro th  (TSB) w a s  added t o  each of the  tubes and 3 decimal d i lu -  
t i o n s  were made with TSB. The tubes were incubated at  32 C and observed 
f o r  the  presence of v i s i b l e  growth a t  i n t e r v a l s  up t o  35 days. 
inoculated s t r i p s  were t r e a t e d  i n  t h e  same manner except t h a t  t he  suspen- 
s ions  were p l a t ed  with TSA and colony counts made. 
t he re  was an increase  i n  colony counts and i n  t h e  number of tubes turning 
p o s i t i v e  during the  2- and 5-day incubation i n t e r v a l .  
days no s i g n i f i c a n t  increases  were observed (Tables 6 and 7 ) .  
Some inves t iga to r s  have noted t h a t  s i g n i f i c a n t l y  higher  colony 
The 
The r e s u l t s  showed 
Between 5 and 55 
A s  reported earlier, extremely long "tails" were observed i n  the  destruct.i.ve 
curves  of B. s u b t i l i s  var .  n ige r  spores exposed t o  120 C dry heat .  
determined t h a t  t h i s  w a s  due t o  a technique-induced a r t i f a c t .  During t h e  
It w a s  
drying process under vacuum, the  spores  , which were inoculated onto the  
bottom of sterile test tubes,  apparently migrated to  the  top of t he  tube.  
Since t h i s  area of the  tube was not immersed i n  the  o i l  bath,  there  was 
an  extreme temperature d i f f e r e n t i a l  which allowed a small po r t ion  of t he  
populat ion t o  survive.  No t a i l s  were observed when the  neck of the  tube 
w a s  cu t  a t  a poin t  which had been belaw t h e  l e v e l  of the  o i l  bath or  when 
small s t a i n l e s s  steel s t r i p s  were inoculated and then placed i n  the  tubes.  
Three t e s t s ,  each c o n s i s t i n g  of  s i x  r e p l i c a t e s  and s i x  i n t e r v a l s ,  were 
made a t  125 C using an ethanol suspension of B. s u b t i l i s  var .  n iger  spores  
on s t a i n l e s s  steel. The mean D value w a s  30.5 minutes (Figure 6) .  Even- 
t u a l l y  10 t o  15 typ ica l  spacecraf t  sur faces  w i l l  be t e s t e d  t o  determine 
t h e i r  e f f e c t  on the  dry-heat res i s tance  of spares .  
I n  an a t t e m p t  t o  s tandardize procedures used t o  determine D va lues  of  
spores  exposed t o  dry heat  and i n  accordance with a request  from the 
NASA, suspensions of & s u b t i l i s  va t .  n ige r  spores, s t a i n l e s s  steel sur- 
faces ,  media and a protocol  were sen t  t o  six research  groups involved i n  
similar dry-heat s tud ie s .  
. 
4 .  
5 .  A t  Cape Kennedy monitoring of microbial Contamination was continued 
i n  Hangars S, AE, and AO, and in t h e  Surveyor s t e r i l i z a t i o n  and assembly 
labora tory  and fue l  loading room. Simi lar  s t u d i e s  were i n i t i a t e d  i n  the 
Lunar Orbi te r  camera room and the B i o s a t e l l i t e  c lean  room (Tables 8, 9 ,  
and 10) 
Fur ther  tests were performed t o  determine t h e  l e v e l  of microbial  contam- 
i n a t i o n  on the  sur faces  of t w o  Lunar Orbi te r  spacecraf t  (Table 11). 
As reported earlier, very few anaerobic spores  have been de tec ted  on the  
su r faces  of t he  Surveyor and Lunar Orb i t e r  spacecraf t  by the  swab-rinse 
technique. To determine i f  t h i s  w a s  due t o  the  absence of anaerobic 
spores  or f a i l u r e  of t h e  technique t o  d e t e c t  them, t w o  t r a y s  conta in ing  
s t a i n l e s s  s t e e l  s t r i p s  were exposed t o  the  intramural a i r  of t h e  e a s t  
bay of the  Surveyor s t e r i l i z a t i o n  and assembly labora tory  f o r  3 and 
6 weeks, respec t ive ly .  
r i n s e  test and the  o t h e r  ha l f  by the  standard r i n s e  technique of p lac ing  
each s t r i p  i n  50 m l  of 1% peptone water, u l t r a son ica t ing  and p l a t ing .  The 
r e s u l t s  showed t h a t  t h e  r i n s e  t e s t  recovered more microorganisms and 
anaerobic spores than the swab-rinse test (Table 12). This  w a s  a t t r i b u t e d  
t o  the  f a c t  t h a t  some microorganisms removed by swabs were not e lu t ed  dur-  
i n g  the  r i n s i n g  process.  There was no evidence t h a t  suggested the  assay 
technique was detr imental  to  t h e  contaminants. Consequently, t he  l o w  
numbers of anaerobic spores detected on c e r t a i n  spacecraf t  were probably 
due t o  the  combination of l o w  contamination l e v e l s  and f a i l u r e  t o  f r e e  a l l  
microorganisms from the  cot ton.  
Half of  each set of s t r i p s  was assayed by the swab- 
6. Work was i n i t i a t e d  on t h e  development of t he  NASA manual, "Procedures f o r  
Evaluation of Microbiological Control Laborator ies  and Spacecraf t  Control 
Fac i 1 it ie  s . '' 
7. The cons t ruc t ion  of t h e  bioclean labora tory  support  f a c i l i t y  w a s  completed 
and a con t r ac t  was l e t  f o r  the  cons t ruc t ion  of the  v e r t i c a l  laminar f l .ow 
c l e a n  room. 
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TABLE 2 .  REMOVAL AND RECOVERY OF NATURAL MICROBIAL CONTAMINATION FROM 
STAINLESS STEEL SURFACES USING COTTON SWABS. 
Test No. Procedure No. of Percent Percent Coefficient 
for percent 
recovery 
s t r ips  removal recovery of variation 
1 Cotton swab; 21 (Test) 
swab ultrason- 87 97 60% 
icated 21 (Controls) 
2 Cotton swab; 24 (Test) 
swab ul trason- 86 56 60% 
icated 24 (Controls) 
TABLE 3. REMOVAL AND RECOVERY OF BACILLUS SUBTILIS VAR. NIGER SPORES FROM 
STAINLESS STEEL SURFACES USING COTTON SWABS. 
Test no. P r oc edure No. of  Percent Percent Coefficient of 
s t r i p s  removal recovery var ia t ion  f o r  
percent recovery 
1 Cotton swab; 20 (Test) 
swab ul trason- 82 36 
icated 20 (Control) 
20% 
2 Cotton swab; 60 (Test) 
swab mixe8 and 86 89 127. 
ultrasonicated 23 (Control) 
* 
Each swab was agi ta ted with a vortex-mixer p r io r  t o  ultrasonication. 
TABLE 4. REMOVAL AND RECOVERY OF BACILLUS SUBTILIS VAR. N I G E R  SPORES FROM 
STAINLESS STEEL SURFACES USING CALCIUM ALGINATE SWABS. 
Test no. Procedure No. of Percent Percent Coef f i c i en t  of 
s t r i p s  r e m v a l  recovery v a r i a t i o n  f o r  
percent  recovery 
1 Calcium a l g i n a t e  21 (Test)  
swab; swab d i s -  76 29 
solved i n  6 m l  of 21 (Control) 
s 01 u t  ion* 
2 Calcium a l g i n a t e  20 (Test) 
swab; swab d i s -  70 36 
solved i n  25 m l  of 20 (Control) 
s o l u t i o n  
37% 
31% 
* 
1 m l  of 10% sodium hexametaphosphate in 5 m l  of 1% peptone water. A l l  sus- 
pensions were u l t r a son ica t ed  f o r  12 minutes p r i o r  t o  p l a t ing .  
TABLE 5 .  REMOVAL AND RECOVERY OF BACILLUS SUBTILIS VAR. NIGER SPORES FROM 
STAINLESS STEEL SURFACES USING COTTON SWABS. 
Individual No. of* Percent Coefficient of Percent Coeff ic ient  o f  
performing s tr ips  removal variation for recovery variat ion for 
test percent removal percent recovery 
A 12 86 
B 12 89 
C 12 83 
D 12 86 
E 12 87 
6% 92 17% 
4% 89 20% 
6% 89 14% 
3% 87 17% 
5% 85 23% 
23 s t r i p s  were used as controls. * 
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TABLE 8 .  ACCUMULATION OF MICROORGANISMS ON STAINLESS STEEL S T R I P S  
EXPOSED TO THE INTRAMUEUL ENVIRONMENT OF THE LUNAR ORBITER 
CAMERA ROOM FOR 11 WEEKS. 
A e r o b i c  A n a e r o b i c  
Weeks of A e r o b e s  spores A n a e r o b e s  spores 
exposure No./ft2 No./ft2 No. /ft2 N o .  /ft2 
1 23,040 238 1,080 302 
2 1,022 122 
3 3,658 122 
122 58 
238 122 
4 540 58 58 0 
5 302 58 58 0 
7 958 0 302 122 
8 2,160 0 1,022 122 
10 25,798 302 1,138 0 
11 1,699 238 0 0 
TABLE 9. ACCUMULATION OF MICROORGANISMS ON STAINLESS STEEL STRIPS EXPOSED 
TO THE ENVIRONMENT OF THE SIOSA~ELLTTE CLEAN ROOM. SITE 1. 
Weeks of Aerobic Anaerobic Aerobic Anaerobic 
exposure vegetative vegetative spores spores 
No. /ft2 No./ft2 No. /ft2 No. /ft2 
2 
4 
5 
6 
7 
8 
9 
10 
8,460 
216 
122 
1,138 
540 
302 
778 
238 
1,138 
72 
0 
180 
560 
0 
122 
302 
122 
58 
122 
238 
58 
122 
3 60 
58 
0 
0 
0 
58 
0 
0 
58 
0 
TABLE 10. ACCUMULATION OF MICROORGANISMS ON STAINLESS STEEL STRIPS EXPOSED 
TO THE ENVIRONMENT OF THE BIOSATELLITE CLEAN ROOM. SITE 2. 
Weeks of Aerobic Anaerobic Aerobic Anaerobic 
exposure vegetative vegetative spores spores 
No./ft2 No./ft2 No. / f t No,/ft2 
2 
4 
5 
6 
7 
8 
9 
10 
6,242 
41 8 
0 
1,800 
238 
1,080 
540 
122 
778 
122 
0 
0 
78 
122 
0 
0 
0 
0 
58 
0 
0 
482 
58 
238 
TABLE 11. LEVEL OF MICROBIAL CONTAMINATION ON THE SURFACE OF THE LUNAR ORBITER 
AS DETERMINED BY THE SIdABbRINSE TECHNIQUE. 
Spacecraft A r e a  D a t e  Mesophilic microorganisms 
sampled Aerobes Anaerobes Aerobic Anaerobic 
(in?) spores spores 
1) 5 57.4 7-29-66 50 15 0 0 
I1 5 57.4 10-17-66 25 15 0 5 
I/ 5 57.4 10-27 -66 165 55 10 20 
I1 6 57.4 10-17-66 35 15 10 0 
TABLE 12. CCMPARISON B E T ~ E N  THE SWAB-RINSE AND RINSE TECHNIQUES~ FOR THE 
RECOVERY OF MICROORGANISMS FROM STAINLESS STEEL STRIPS. 
Type of mesophilic Recovery No. of Mean colony Probability 
microorganisms met hod samples count factor 
recovered 
Aerobic vegetative Swab-rinse b 30 1,932 7 0.4 
Rinse' 30 2,882 
Anaerobic vegetative Swab-rinse 30 323 2 0.1 
Rinse 30 115 
Aerobic spores Swab-rinse 30 13 4 0.05 
Rinse 30 44 
Aerobic spores Swab-rinse 30 131 2 0.3 
Rinse 30 241 
Anaerobic spores Swab-rinse 30 2 10.01 
Rlnse 30 17 
Anaerobic spores Swab-rinse 30 41 )0.3 
Rinse 30 160 
Stainless steel strips were exposed to the intramural environment of areas 
used for the test and assembly of the Surveyor spacecraft. 
Each strip was swabbed with a cotton swab which in turn was placed in a tube 
of 1% peptone water, ultrasonicate4 and the resultant suspension plated. 
Strips were assayed in the standard fashion by placing each in 50 ml of 1% 
peptone water, ultrasonicating, and plating the suspension. 
a 
'1 
PULVERIZED 
c 
MEMBRANE FILTER 0 0 . 4 5 ~  
/- 
MEMBRANE FILTER 
(Solvent Resis tant) 
ACETONE 
1 
MEMBRANE FILTER - 0 . 4 5 ~  
(Solvent Resistant) 
Fig. 1 .  General procedure used to 'assay d i scs  of l u c i t e  seeded with Baci l lus  s u b t i l i s  
var. niner spores. 
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Fig. 6. Ery heat inactivation of Bacliius subtilis var. niger spores at 125 C. 
Each point is the mean of 3 experiments t. one standard error. 
